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2346380 

LEAD-FREE SOLDER AND SOLDERED ARTICLE 

BACKGROUND Of THE INVENTION ' 
Field of the Inventio^i 

The present invention relates to Ipad-free solders and soldered articles. 
Description of the Related Art 

Solders have been conventionally used for achieving electrical and 
mechanical joint to electronic devices and .electronic parts. Solders containing tin and 
lead as major components have been generally used. In addition, solders not 
containing lead, so called "lead-free solders", which contains tin as a major 
component and other components such as silver, bismuth, copper, indium, and 
antimony, are being used in consideration pf environmental problems. In recent 
years, soldered articles provided with electHcal joints having satisfactory soldering 
characteristics have been produced using siich lead-free solders. 

However, solders containing tin a$ a major component, particularly lead-free 
solders readily form electrode erosion at electrical joints during soldering or during 
thermal aging after soldering. When components readily diffusing into tin are used in 
compositions of electrodes to be soldered, electrode erosion will be further prompted. 

Lead-free solders containing tin aiid silver as major components also have 
been proposed; however, hard tin-silver alloys will be further hardened so that plastic 
deformability is significantly decreased by addition of nickel for the purpose of 
improved electrode erosion resistance durii^ soldering. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a lead-free solder and a 
soldered article, which barely cause electrotje erosion during soldering or during aging 
after soldering, and have high tensile strength and thermal impact resistance. 

To achieve the above object, a preferred embodiment of the present invention 
provides a lead-free solder comprising 0.01 to 0.5 percent by weight of nickel; 0.5 to 



3.39 percent by weight of silver; and 96.6 percent by weight or more of tin. 

The above described lead-free solder may contain trace amounts of incidental 
impurities in addition to the above components. Examples of the incidental impurities 
include lead, bismuth, copper, and sodium. 

Another prefeneji embodiment of the present invention provides a lead-free 
solder comprising 0.01 to 0.5 percent by weight of nickel; 0.5 to 2.0 percent by weight 
of copper; 0.5 to 2.89 percent by weight of silver; and 96.6 percent by weight or more 



of tin. 



The above described lead-free solder may contain trace amounts of incidental 
impurities in addition to the above components. Examples of the incidental impurities 

include lead, bismuth, and sodium. 

Still another preferred embodiment of the present invention provides a lead- 
free solder comprising 0.01 to 0.5 percent by weight of nickel; at least one component 
selected from 0.5 to 2.0 percent by weight of copper and 0.5 to 5.0 percent by weight 
of antimony; and the balance being tin. 

The above described lead-free solder may contain trace amounts of incidental 
impurities in addition to the above components. Examples of the incidental impurities 
include lead, bismuth, and sodium. 

Still another preferred embodiment of the present invention provides a 
soldered article comprising: a workpiece containing a transition metal conductor 
capable of readily diffusing into melted tin; and a lead-free solder according to any 
one of the above described prefened embodiments; the lead-free solder being applied 
and bonded to the workpiece so as to be electrically and mechanically bonded to the 

transition metal conductor. 

In the above described soldered article, the transition metal conductor may be 
at least one componem selected from the group consisting of copper, silver, nickel, 
gold, palladium, platinum, zinc, and alloys thereof 

As described above, the lead-free solder in accordance with the present 
invention prevents electrode erosion and has superior thermal impact resistance while 
maintaining required soldering characteristics, bonding strength, solder tensile 
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strength, and solder contraction, even when it is used for bonding of parts containing 
transition metal conductors which are readily eroded. 

The soldered article in accordance with the present invention comprises a 
workpiece containing a transition metal conductor capable of readily diffusing into 
melted tin and a lead-free solder, and the Iqad-free solder is applied and bonded to the 
workpiece so as to be electrically and mechanically bonded to the transition metal 
conductor. Thus, the lead-free solder in accordance with the present invention 
prevents electrode erosion and has superior; thermal impact resistance while 
maintaining required soldering characteristics, bonding strength, solder tensile 
strength, and solder contraction, to a transition metal conductor which readily diffijses 
into melted tin. 

In the soldered article in accordance with the present invention, the transition 
metal conductor is at least one component selected from the group consisting of 
copper, silver, nickel, gold, palladium, platinum, zinc, and alloys thereof Thus, the 
lead-free solder in accordance with the present invention prevents electrode erosion 
and has superior thermal impact resistance while maintaining required soldering 
characteristics, bonding strength, solder tengile strength, and solder contraction, to a 
transition metal conductor which readily difjfuses into melted tin. 

Soldering is often performed in a Nj atmosphere for improving soldering 
characteristics. Since the lead-free solder iniaccordance with the present invention has 
a low nickel content, soldering can be readily performed in air. Thus the solder has 
superior soldering workability. 

The lead-free solder in accordance with the present invention contains small 
amounts of expensive erosion-suppressing elements such as silver; hence, the 
soldering cost can be reduced compared to conventional lead-free solders. 

In the lead-free solder in accordance with the present invention, the nickel 
content is preferably in a range of 0.01 to O.S; percent by weight with respect to the 
total of 100 percent by weight. When the nickel content is less than 0.01 percent by 
weight, electrode erosion resistance decrease? and thus the residual area of the 
electrode during soldering decreases. On thelother hand, when the nickel content is 



higher than 0.5 percent by weight, the liquidus line of the lead-free solder increases, 
resulting in unsuccessful bridging and poor appearance in soldering at the same 
temperature. Soldering at higher temperatures in order to avoid such problems causes 
characteristic defects of electronic components due to intense heat. 

In the Sn-Ni-Cu ternary or Sn-Ni-Ag-Cu quaternary lead-free solder in 
accordance with the present invention, the copper content is preferably in a range of 
0.5 to 2.0 percent by weight with respect to the total of 100 percent by weight. When 
the copper content is less than 0.5 percent by weight, bonding strength is not 
effectively improved. On the other hand, when the copper content is higher than 2.0 
percent by weight, the bonding strength decreases due to excess precipitation of hard 
and brittle metallic compounds, such as Cu,Sn, and Cu,Sn. Furthermore, the liquidus 
line of the lead-free solder increases, resulting in unsuccessful bridging and poor 
appearance in soldering at the same temperature. Soldering at higher temperatures in 
order to avoid such problems causes characteristic defects of electronic components 
due to intense heat. In addition, some problems arise due to decreased tin and nickel 
contents. 

In the Sn-Ni-Ag ternary lead-free solder in accordance with the present 
invention, the silver content is preferably in a range of 0.5 to 3.39 percent by weight 
with respect to the total of 1 00 percent by weight. When the silver content is less than 
0.5 percent by weight, bonding strength is not effectively improved. On the other 
hand, when the silver content is higher than 3.39 percent by weight, the bonding 
strength decreases due to excess precipitation of hard metallic compounds, such as 
Ag,Sn. Furthermore, the liquidus line of the lead-free solder increases, resulting in 
unsuccessful bridging and poor appearance in soldering at the same temperature. 
Soldering at higher temperatures in order to avoid such problems causes characteristic 
defects of electronic components due to intense heat. In addition, some problems 
arise due to decreased tin and nickel contents. 

In the Sn-Ni-Ag-Cu quatemary lead-free solder in accordance with the 
present invention, the silver content is preferably in a range of 0.5 to 2."9 percent by 
weight with respect to the total of 100 percent by weight. When the silver content is 



less than 0.5 percent by weight, bonding strength is not effectively improved. On the 
other hand, when the silver content is higher than 2.89 percent by weight, the total 
content of silver and copper is higher thaij 3.39 percent by weight, and the bonding 
strength decreases due to co-precipitation of hard metallic compounds, such as AgjSn, 
CujSnj and CujSn. In addition, some problems arise due to decreased tin and nickel 
contents. 

In the Sn-NI-Cu ternary lead-free solder in accordance with the present 
invention, the antimony content is preferably in a range of 0.5 to 5.0 percent by 
weight with respect to the total of 100 percent by weight. When the antimony content 
is less than 0.5 percent by weight, bonding strength is not effectively improved. On 
the other hand, when the antimony contend is higher than 5.0 percent by weight, the 
tensile strength of the solder decreases, resulting in decreased thermal impact 
resistance and workability. In addition, sojne problems arise due to decreased tin and 
nickel contents. 

In the soldered article in accordance with the present invention, the transition 
metal conductor is at least one component selected from the group consisting of 
copper, silver, nickel, gold, palladium, platjnum, zinc, and alloys thereof Examples 
of the alloys include gold-silver and gold-platinum. More preferably, the conductor is 
composed of copper, silver, nickel, or an alloy thereof. 

The soldered article in accordance with the present invention includes both a 
component to be bonded and a lead-free solder electrically and mechanically bonded 
to the transition metal conductor being the component. Examples of such articles 
include a combination: of a conductor formed on a board for mounting components 
and a conductor formed of a component which are electrically and mechanically 
bonded to each other; a combination of electronic parts and terminals electrically and 
mechanically bonded thereto; and a combination of electrically and mechanically 
connected terminals of electronic parts. 

The soldered article in accordance with the present invention can be prepared 
by, for example, meltirig a lead-free solder in accordance with the present invention to 
form a solder ball, placing the solder ball on a part, applying a flux thereto, and then 
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heating them to a predetermined temperature in the atmosphere to bond the conductor 
of the part. Alternatively, it can be prepared by melting a lead-free solder at a 
temperature higher than the liquid phase temperature in a soldering vessel, and 
dipping a flux-coated part into the statistic melted solder to bond conductors of the 
part by dip soldering. Alternatively, it can be prepared by melting a lead-free solder 
in accordance with the present invention at a temperature higher than the liquid phase 
temperature in a jet solder vessel and put a flux-coated part contact with the melted 
solder to bond the conductors of the part by flow soldering. When the part is dipped 
into the lead-free solder, the part may be swung in the melted solder. The number of 
contacts of the part with the melted solder is not limited. 

Examples of parts for bonding the lead-free solder in accordance with the 
present invention include glass-epoxy or phenolic printed boards, ceramic boards 
made of alumina or mulite, and metal boards with insulating films provided thereon. 
Examples of conductors composed of transition metals to be electrically bonded to the 
lead-free solder includes wiring circuits of printed boards and the like, terminal 
electrodes of electronic parts, and lead terminals. 

nFSrRTPTION CiV THE PRF «iPPRFn F.MRODIMENT 

The lead-free solder and the soldered article in accordance with the present 
invention will be described in detail with reference to the Examples. 

Tin, lead, nickel, silver, copper, and antimony were mixed according to the 
formulations shown in Table 1 to prepare a plurality of solders of Examples 1 to 12 
and Comparative Example 1 to 7. 

A plurality of single-plate capacitors provided with a sintered Cu electrode 
and a sintered Ag electrode was prepared to measure electrostatic capacitance. Each 
capacitor was dipped into any one of the solders of Examples 1 to 12 and 
Comparative Examples 1 to 7, which were melted at 260°C. A difference in the 
electrostatic capacitance of the single-plate capacitor before and after solder dipping 
measured by a capacitance law method, and the residual area rate of the electrode 
calculated after dipping. The change in capacitance was measured after dipping 
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for 10 seconds for the copper electrode ai)d 3 seconds for the silver electrode which is 
readily eroded. 

The expansion rates of the solders of Examples 1 to 12 and Comparative 
Examples 1 to 7 were measured according to Japanese Industrial Standard (JIS) 
Z3 1 97. The measured temperature was tlie liquidus line temperature plus 30°C in 
consideration of woricability. 

A copper plate was sandwiched with copper lead lines in which the surfaces 
were plated with tin, and dipped into any <)ne of the solders of Examples 1 to 12 and 
Comparative Examples 1 to 7 which were previously melted at 250°C to prepare test 
pieces of Examples 1 to 12 and Comparative Examples 1 to 7. The tensile strength of 
these test pieces were measured by stretching the copper lead lines using a 
tensilometer. 

The solders of Examples 1 to 12 ^d Comparative Examples I to 7 were 
heated to be melted to the liquidus temperature plus 100°C, cast into graphite molds, 
solidified, and then aged for 148 hours at ordinary temperature to prepare test pieces 
of Examples 1 to 12 and Comparative Examples 1 to 7. These test pieces were 
stretched at a tensile rate of 5 mm/s to measure tensile strength of the solders. Each 
test piece had a flat plate shape and the tested portion had a rectangular cross-section 
of 8 X 3 mm without notch. 

The cross-section of each of the test pieces of Examples I to 12 and 
Comparative Examples 1 to 7 after the tensile test was measured to determine the 
solder contraction according to JIS Z2241 (Paragraph 6. 11). 

A thick silver electrode was formed on an AI3O3 substrate. The substrate was 
sandwiched with tin-plated copper lead lines, and dipped into any one of the solders 
of Examples 1 to 12 and Comparative Examples 1 to 7 which were melted at 260°C. 
The soldered substrate was placed into a thelrmal impact vessel and then was subjected 
to 500 cycles of thermal impact in which one cycle includes holding at -30°C for 30 
minutes and +I25»C for 30 minutes. The sqrface cracks of the fillets of Examples 1 
to 1 2 and Comparative: Examples 1 to 7 were visually observed to determine the 
thermal impact resistance. The side of the lead line was soldered to a glass-epoxy 
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substrate and the side of the fillet formed on the substrate was evaluated. In the 
evaluation of the thermal impact resistance, symbol O represents no crack is formed. 

Table 1 shows the results of the residual area rate of the electrode, the 
expansion rate, the bonding strength, the tensile strength of the solder, the contraction 
rate of the solder, and the thermal impact resistance. The lead-free solders and the 
soldered articles within the range of the present invention show satisfactory results by 
overall rating which are represented by symbol O. 
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As shown in Table 1, each of the Sn-Ni containing solders of Examples 1 to 
12 has satisfactory results, that is, a residual area rate of electrode of 95% or more, an 
expansion rate of 65% or more, a bonding strength of 17 N or more, a tensile strength 
of solder of 30 or more, a solder contraction of 55 or more, and superior thermal 
impact resistance. 

Although each of the solders of Comparative Examples 3 to 7 has a residual 
area rate of electrode of 95% or more, cracks form in the thermal impact test, since 
solder contraction is in a range of 42 to 51% and low in Comparative Examples 4 to 7. 
Thus, these are outside the range of the present invention. 

Comparative Example 3 containing 40 percent by weight of lead is outside 
the range of the present invention. 

The solders of Comparative Examples 1 and 2 have satisfactory solder 
contraction and thermal impact resistance; however, the residual area rates of the 
copper electrode are 89.2% and 7.0%, respectively, and the residual area rates of the 
silver electrode are 31.7% and 0%, respectively. Thus, these solders are outside the 
range of the present invention. 

\\'hile the invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those skilled in 
the art that the forgoing and other changes in form and details may be made therein 
without departing from the spirit of the invention. 
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1. A lead-free solder comprising 0.01 to 0.5 percent by weight of nickel; 0.5 
to 3.39 percent by weight of silver; and 96^6 percent by weight or more of tin. 

2. A lead-free solder comprising O.Ol to 0.5 percent by weight of nickel; 0.5 
to 2.0 percent by weight of copper; 0.5 to t89 percent by weight of silver; and 96.6 
percent by weight or more of tin. 

3. A lead-free solder comprising 0.01 to 0.5 percent by weight of nickel; at 
least one component selected from 0.5 to 2.0 percent by weight of copper and 0.5 to 
5.0 percent by weight of antimony; and the balance being tin. 

4. A soldered article comprising: 

a workpiece containing a transition metal conductor capable of readily 
diffusing into melted tin; 

a lead-free solder according to any one of claims 1 to 3, the lead-free solder 
being applied and bonded to the workpiece ;so as to be electrically and mechanically 
bonded to the transition metal conductor. 

5. The soldered article according to claim 4, wherein the transition metal 
conductor is at least one component selected from the group consisting of copper, 
silver, nickel, gold, palladium, platinum, ziric, and alloys thereof 

6. A lead-free solder substantially as hereinbefore described with reference 
to Examples I to 12. 



iZ 



Amendments to the claims have been filed as follows 

1 . A lead-free solder or solder comprising lead as an incidental impurity and 
consisting essentially of 0.01 to 0.5 percent by weight of nickel; 0.5 to 3,39 percent by 
weight of silver; and 96.6 percent by weight or more of tin. 

2. A soldered article comprising: 

a workpiece containing a transition metal conductor comprising at least one 
of copper, silver, nickel, gold, palladium, platinum, zinc, and alloys thereof capable of 
readily diffusing into melted tin; 

a solder according to claim 1 . the solder being applied and bonded to the 
workpiece so as to be electrically and mechanically bonded to the transition metal 
conductor 

3. A lead-free solder or solder comprising lead as an incidental impurity 
substantially as hereinbefore described with reference to Examples 1 to 6. 
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